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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the dislocation 
and slip in crystals in a high-temperature heat treatment 
atmosphere by locating groups of stacked wafers 
vertically In stages, with one group on one stage, in a 
soaking region of a heat-treatment furnace and then 
heat-treating them. 

SOLUTION: Surface-etched silicon single crystal wafers 
1 are stacked In groups of ten wafers, and total 30 
groups of wafers 1 which means 300 wafers all told are 
mounted vertically in stages in a heat-treatment boat 20. 
When the heat-treatment boat 20 is put into a cylindrical 
heat-treatment furnace, the temperature of the furnace 
is TOO"* C. Then, the temperature is increased at a rate 
of 8'' C/mlnute up to lOOO"* C and then at a rate of 1 
C/minute up to 1300** C. The furance Is kept at 1300'' 
C for two hours. After that, the temperature is decreased 
at a rate of 1° C/minute down to 1000° C and then at a rate of 2.5'' C/minute down to 
700"* C. When the temperature becomes 700"* C, the heat- treatment boat 20 is taken out 
of the furnace. 
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^^fifiU-C. *^K:*5(,»«0. 5~5- SK. fit* 




C^^6] iS*:S 1 K:*j(,»t:. llOO-CKitcfln 

I^L/r. ■?x--'^©^il«cM^»^RS«JS^ (DZB) ^mgi 

{CI 10 0-C~1 3 8 0-C-C5:»~6B#|ffl}»iKHS-r*-> 

[ii*®8] i«:*«7(c*jt»t:. ^Sjftg-cs OO'C 

^wffii^^j^fiRs-eT I Gm^^^L. ^am 1 

[11*^9] it3t]17{c*}(,>r. 5 0 0-C~9 0 0*C 
©ffifflC^SiiS^: 0 . 5 •C/m i n ~ 5 °C/m i n £ 

*©^ 110 0 'cu±imimmti>iy v 3 
*-^^©5»*oa:^. 

[SI*B10] a*ll7fC*Jl>T. llOO-CJiUiCC 

flnM«!fflL'itfs©^ia3ig-c, 5 0 0 'c~ 9 0 0 -c©® 
fflr 1 o#«±i 6^HlJ^:^F«9©l^i^la*^TC^ ^^ta 

''^©I^S:^ffi. 

(ff^l 1] i»^3B7fC*iC»T. 1100*CJWJi(C 

W!*i8Hffii/fcS©Hfajag-c, 5 0 0 -c^ 9 0 0 -0©^ 

ia©K®3iS*0. 5-C/ini n~5-C/m i niL. 

S'5*--'>©f»ffiS:&ffi. 

[S*JS12] iS*^l{c*il»T:. 1 25 0'Cfea:«: 
JnilS*!iffiL.-c. -^^©^©cop^£af^crtg|5©c 

OP©7C<t^.cSG r o wn - i n^^rfijlS^SJ^i; 3 

m>mi3] ii^^i 2fc*j(,»r, i 280'c-'i 
3 8 0 -c-c 5 »~ 6 f^mmtm-r s y 3 ^^ites-t/ :t 
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--'^©l^5!ia:35«. 

[ii*^l 4] n^JSl 3{C*Jt,i-C. #SB$3E/tBKS 
S^tCl 1 0 CC-l 3 8 0'C-C5»~6^MI^*!iaL. 
■r-f x-y>©^{cil5«cFS«igJ (DZIB) *3gfiR$-a-5 

[it*^ 1 5 ] m^m 1 4 icfcir^r . #iafi?i-c5 0 

0 -C- 9 0 0 -COffifflt? 1 0»«±4 «Nffl«rt©IS!l«5 

a. 4)-5>l»«5 0 0 •C~9 0 0 •C©ffliH©#SjSa* 
0. 5'C/mi n-^5°C/ni i nibrSSLX. S!^ 

10 *Tffi«j%jgfiSE3 I Gfit«<*#-r 'J =1 ^^es-? 

i-''^©^J!]a:^. 

[11^16] li^Sl 4k:*}t»T. KSitS-C. 5 

0 0 -c^ 9 0 0 -croeH-r 1 0 1 e i^iHife(rt©s» 

ifflS. *St,>«5 0 0'C~9 0 0'C©®ffl©KMiiS* 
0. 5'C/m i n~5-C/m i nib. St«^ai!BJ€rJ^ 

1 7 ] Sii::^©3t1±fc'i7 Jt-^^©;i«tgp<^: 

20 -cmmdS. Ltc'J>rs < i *> 3 3t:©3?:S:£rW U , 3fS©7k 
3a$*JU5^CC. SDlb/c1ti5t©')^-y>«:-af<i:L/-C« 

1 8 ] 3«*]B 1 7 KJst>r . «l4©>&«g|||K: 

Syt-S3ttt(cflSS!aS{Cgnfcttg*> eft: yyy- 

1 9 ] RtS»©F«gJSHtc*¥K » — 'N©a 
30 JfaSiggipJtlft: ^'i'tt^i b < «R«<^*>e.ft:S3t^ 
ifx^b iJ-^ nm©«i:)^|fiitCBFT^ffl|i»-ca»iBS U . S3t 
jt^it-afK. s®i/fcfflSK©'?i->'N*-iPiLt:«g 

Ci»*12 0] RfSift©rtJSE^c?k^ic•^>*-^^©Jg 
«SI5 iSMpJtfeft: V>i^m'i>i,< BRfel^O^m* iS' 

=&^SffigL/. Ji-s®©— :&iDffl]©SiS:^(fijtcmJBi/fc 
3:-^>©Mi!uiiia. 

CiS*3S2 1 ] n^JBi<!mmm^icisi.>x. i 2 
8 0''c~i sso-ct^s^-e^raro^a^rL-c. 0 
I-^^fc;^ y ^^y©^^ft:< . •i?x-vN©^©co 
P3feC/fC|*gfflJ©COP©7C<!:ft:4Gr own - i n^^PB 

©ft: X s 2/ >; 3 smites-? X -^>®aBS:;^ 
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[0 00 1 ] 

[mm<Dm-ri,mrj^m commit. :^«<d->v3> 
sa6wcs{ji3^^cc^»3 . m« i otS!Ss©'i» x-m 

^*tf 'JCiKJ;'). DZ (D e n u d e d Zon 

e ) mjfm<o^ibo:>mm^mmmsM. i g ( i n t 

rinsic getterins) tttOi^'t iyttifo 
©Sf^WigjtCct^BMD (Bu 1 k Micro D 

e f e c t ) 'Simmmm-r^miim, aaacop (c r 

ystal Originated Particl 

e) ^^^m<OCOPmtrj:i,G T own - i n^f& 

[0 002] 

czm -cW(di^nfcfe<D-c*a. coczft-cWfiRS 

So 

[ 0 0 0 3 ] X. C<OK^*fmiBJ<DttaiK5SKi^»M* 
«fai«! (BMD) JS.Zf-t<0=^X^mit^f^'f'<-<:^(D 

[0 0 0 4] t/c. MOS LS I 7^^^V::^C^)ig^ 

own- i nXPSA^!MOS + ■^■^^•i^5^CDm^tBa5^JE#tt 
^mL<^itS^i>CtifiP>. 6 4M DRAMt(^-C 

[0 005] *©*f^iL/-C. CZffi8:<l:4#«aWeS 
SjfifS 0 . 8 mm/m i n «T©<aiI-CigaWfiW -S C <!: 

^mv^ictumm mn^z-ze? 1 9 5#) s 
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[0006] i/'Jn^^ifSSipWGr own- i 
ni>J|ifi©fijS:^<!:Lr, 1 1 50*C~I OOO'CS-C 
©SS®H{C*$tt-S?^aji^* 2 . 0 'C/m i nJWTi 
tTMfBfi£S«:tf*>-f±iC iJjsliSg (#Pa^8 - 1 2 4 

9 3^) §nri,is. 

[0 00 7] S!l^«tb-CCZS«:J:-p-C?l±l^'6n/c 
"J 3>mfeS*1$H^5 - 3 1 9 9 8 8#RCJf«NH¥ 
5-3 1 9 9 8 7-^iifaiC^'y=i>-l'>rf5' h^jtStC 
115 0 -CJUi 14 0 0 'CiUTOSK-CC^MSOTie 
10 SW^KSIASnfcG r o w n - i n^i^^ffi^h • ?S 

[0008] "^x-^AjgiteaiL-ctt, #raiB6 

0-23 1 36 5^41^18. !t$raE6 1 - 1 9 3456-^ 
#i8BS6 1- 1 9 3 4 5 8#^::«^iCBi*3n-5 

W^iBMtti-r9 5 0 '0*^6 1 2 0 0 'COiaS-C 5 t^PeUa 

tc J: -5 D Z H^J^fiS-r •S*a*t*-S. 

20 [0009] —yf, u L s I xisr-B. Biar- 

©S»*!ia:?'a-fex^-r. Fe. Ni. CuKf^^sns 

:^©#i4*is^fk^-2.}fc*. c©S^^^Ss*■^;i--'^a 
mi&m^ 63X0 ^< !^:>il*^ 6, I G^#«© E G ( E X 
trinsic lettering) ©-y y^'J>if 

[0010] ^fS©:f=-'N'-r ;^7"o42J^{t. Mi^C 

ittm3.^A''¥- ■ -^s^>aA^rfflt,»fc:/a■fe;:^©fiS 

30 {[:*53itfC<fc*5|§e>*'r. ^©is^. •7'aH2;<fct5WS 
BMD©jgfi£A^ •;^a-fex<afiib©fcJ&K:ffiSf(CJ:tSc 

■lr;^{c]:t'<+:»-^c I Gja»€:^SCi*iffijit?&S. S 

A^-c©fi^?^*ttiSit tt< . yyi>')>{mmts 

CO 0 1 1 ] iim©GZ - S i '^7X->'^©iii„■!,!g^t«:-o 
t>TB. cn*-CDZ- I GMSIAiir<m» 64Tt:4B 
C©:^ffit3:t5i^©c:i<, 1 1 0 0-C*^ 

40 6 1 2 0 0 '(MS.(OMSCVMMIimi-ri> c i ic J: 0 . 
•5 X - ^N^Miaei©K5RS:i1-:^«:S£iSt 3 -S-CSIi/J^^^© 

P6©tetr»DZ (Denuded Z o n e ) JS*Jl5BX3 
-e©^. 6 0 0 'Cd^ 6 9 0 0 'COiSaf^Al^-C. 

+ fifi© -®©«yi!iffi*sff *>nTi,>4. 

[0 0 12] 

50 or. MSfiESiSjftJO. 8inm/m i nJiiT©ffiii-C 
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^. n>mjes?i±tf^K: 1150-100 

0-C^'C©aS®fflK:fct:f^}^iig^2. 0"C/mi 
nJ^T<trS^;a4>g r own - i niK]^^^^m< 

[0 0 13] v^mm^ci 1 5 o-cti 

±14 0 0 'c&LT(Du&t!tmmr^^\t. -< >=f 

Hatti'CQ 0 0 •c:f&i6 1 2 0 o-c^sfirjsAQa-r-s*^ 

g r own- i ni^ffi«?g2gL/rii^fc©(D. 

[0 0 14] ^/c. F U>5^+^'^^•V5^CD<J:^tC•^7ac- 
^^«ffiTW:8- 1 0 MmSS<0:rC«rffl'5»«3g-r«g r o 
wn - i n:)^PS«r^iat>Tli^l><DT. grrown-i 

■i;x-/^tiS i C b < htCcfcD 1 

[0015] -e-^StS^i LX. ?m<D-> V 
BBS 7 - 9 7 6 2 2 -^^SO'ltPlBg 5 3-25 35 1 

^^$atc^7j^s fc<D*s* D c ti€:a i 8 itCTjkr. 

[0 0 16] Cti«. t^y n>^iSa -^'M ^Sit 

--F2±tCt8HU. C(Dfife^t>$tift:S^yri>#3teS 
'i'x->^MCOMWtCjf^fe3^iflEl>'C3t}#b. COi^ 

y u h 2 i'cffaE^j*^ n/ci^ y =j ^ma^^:? x 
->'^l€r^ftffi^^P4f^'r^^I^SlteSt-^«^'r*'5. co 
i: ^ ^cm:f7\^ccmmmi^^tD'^fc'^ y >#isa^ 
->'^ 1 ^fi3rMffl)*>e>^®ccMor^^tcjEinjEffi 

[0 0 17]— Mtc. s^y -^^^c>; y 

ifi^^t^t. c<05^y3>s«rfffiRUfc7=^/W:j^tt 
y ^ "^^fiiSCcfc 0 y - ^miSoJSfin^cD^iJS^^^i^ o 

x\tiy y a h 2 ±ica:&i^cc«*a^t>sny^s^ y 
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[00 1 8] ±^L//cJ:^^c. CZ5l±tf^JcWfi5EL/c 
gr own - i n^^:ffi^^^tCrN2a5-a:^^tt»J^j:<\ 

^©*tm <!: u r c z y 3 >s«?afficc y > x f ^ 

10 $6tC'>x--'^^y-x>^<D/t^^)K:HC i 

[ 0 0 1 9 ] */c:. K^bJRWEEI^mc^^RaTa s 
g r ownXffiOJgtS»3KSrtaJtc:??a-reia^Cc 

ai 7B{cm*rc:<h<. rtsi5}«y5^?H-cAffift*s* 
liHwg. ^:^-^^m^^m\^xmMiicmin^{m\=:-j 

h (COP (Crystal Originated 

Particle)) imimmEP^^cm^^^m^i, 
mskmi'C r 4> X - / X (ommco cop tcrtaicr> c 

OP©7C<i:^cSGr o wn- i ni5^^3&iS»l-r'S C 
[0020] C C3[>^?Bti. D Z JiJBiS0D3rc8O(7:)K^7? 
30 T-SMMH. ^MCOP■^^3:-^^F*9gpcD& r o wn - 

mm. '>yn>mies'>x-/xtcffi$n-5)^«3Q:i»*!i 
SKii^Lr. #-<Dis«fflxer'S^yrj>#*g^'^x- 

[0 02 1 ] 

[PS^^S^r -5>:^i*cr)^e] y :3 

40 tS{gS^^^I^tc^. ^-Sl^ta:! OOtfe^ffijt-S):^^ 

^(D^:>i-^^^mmcmxux. i.>m(D*y:^-^^(.ch 

iSmcm^miLfc^^. ^xw^4l otssi^ii 
LXC<D-m^m&tOX. *^{C*-SCi«0. 5-5 

50 ^D/ciLT*). ctKtcmm-r^^^c-j^^c^&miim 
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±v^. i5^tct,»Tn<D't»i-.'NK:fcDZja*J^fiStr-5 
[0 0 2 2 ] summit. aBi>fc^»«c*-sPi 

[0 023] -riftfc^. SEifecoisiMa^^mt^Tfi^© 

3^gP«±<D»fi©■>x->^;&|g^{C|^-<D}ft«!«;&^6t- 10 

[0 024] 3 i^icm't^mimxtcmfi:. 

ffitCfftl/ttta. mstitS i . S i C. 425 5 ^7 d';JL. 

Til- 5 :^ss(DRs*> L < » y > i'^sa-r 5 C i fc J: 

[0 0 2 5] 3 6fC> ±i^©CO^tCj;S 

s«iQa(c*ju-c. 1 1 0 o-cj[y±«:jni«iMM-rs. m 
SSi^iS)fc»Ka^«: 1 1 0 0 'C- 1 3 5 0 -0^5 

ic&'tmxf&mm (dzjd *jBfiS3i*2.c<t*snjt6-c 
[0 02 6] ^mmt. m^mm ( d zb) =&ffjfi£3 

1) 1 1 00X;J(iLh*-C®SfijaeT5 0 0*C~9 0 0 
©SSfiS^^OSSyi2HB*?f ^ t BMD*fl^fiK3-e-C I G 

2) 5 0 0-C~9 0 0*C©«SH©^jijS*0. 5-C/ 

m i n~5*C/m i niL/TiSSf •SiBMD=fe?^J!iS3 40 
■B-C I Gtg€rft^-C#5Ci. 

3) 1 1 oo*c«±{cjni?gifiStL/ca©f^Sjag-c. 5 

0 0 -C- 9 0 0 ^^©SH-C 1 0 t&W± 1 6 ^OJetrt©^ 
fc«S»©^a«^©|^S*tf ^ i B M D 
*»fiS3 I G«B?:(*#-C* S C i . 

4) 110 0*C«i:{CflIB»^Lfcm©KiaagT?, 5 
0 0 'C- 9 0 0 •C©fflH©Ki§iSS:4 0 . 5 'C/m i n 
~5-C/m i nil/TKHS-r^.iBMD'&JgfiES-e^T I 
GfiE%f^^-C#SCt. ^ftjmi-rc. 

[0 02 7] 3e.{C. ±jS©C©^K:J:S 50 
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JS5i2iaK:fc(,>T, 1 2 5 0 •Cti±. F>Ik.«. 1 2 8 0 "C 

-1 3 8 0"cr5»->-6B$ra. mmmrhcticj: 

©^BCOPMO^tcrtSCWCOPiSi^c-Sg r own- 

1 n^'difi^ffiiaSfctt^^^-C^SCi. ±fe©l 

2 5 0'CJ!iiJi©SMifflSri6-riS«:. J;iS©«li»yiS^ 
(DZB) &5^^3ii^il»«M. «>.&l)»3e>(C I Gtg 

5 fc«b©?si5as*«ffi L r . hfu^pM© y n > 

[0028] 

Kffiffl-rsffiy!!i««s©-w*^-r. £:©f»«MSgg« 

0^j^L/&l»AJRm<e©iSiJ!l®p-C*)-p-r, 0t?«lOt5( 
©i^ t; =j ^^a-? X wM L r C i /5c 

ccL/c, ^nms i c. s i^gs i G3?©ji;a?^K: 

m^^-Vl 0-C3m3tifcS'>';:3>^S'?xw% 1 

gp?:. Mxli, D Z - I G«iS©/ce!?)CC, 1 000°C* 
r©^)iS 1 'C/m in. 1 2 8 0 °C-C 2 B^ffl^ 

^. 1 0 0 0 •c*>'?.©RHa3i@[ 1 •c/m i n-r?^-rs 
stssaa. Dz mm(Dfcibic. ii50°cj[y±i3 

8 0 -CWTOSS^Hrt-C 5^Ji^±6 ^F^«T©®HI^ 
TS8lMS-r-5ia:i', a^©^ffi^tT/3:"51#firc*So 
[0029] C:©Sftjaffi!K- H 0 ». nfii«©T« 1 
lRi:Jf±ffil 2i32fc©5g:^i«l 3, 14. ISit?^ 

^3 ti. T« 1 1 SLCf±S 1 2 ©H«:ntsst^;©^ra«:}fJ 
iaE^-5fcJf>© 3 *©3tttS3!>inai©t8itS:^rS|©^K: 
-*tict^K:ii;^f•r•Sii:S:?^|fi]©-:S•«^^:. ^ti^nr 
« 1 1 &CF±ffi 1 2 ©MK^*H« l/-CB«fli!i3£ttS 1 
3,14 t«fflI3Ea« 1 5 i*JffiS3 n. C©«<i!Ka 

fil 5©B»fS©ig3©iffi&SBFfic5^-r5gfflJ3:^*Ji' 

^^15a, 1 5 b -t. HU©Ktt«l 3. 1 4{CfeH5f3 
^W^m^iua' 1 5 a J: 0 lS3!p«cm»{4BK^TS«r 
ffl(I3£}f=t;^Vi''l 3 a. 13 b ". 14 a. 14b "i«r 
m. liri2->(t©firffiiJ1^1 3 a, 13b-. 14 a. 

1 4b-|g|-rganSI51 6?:JgfiSL. C ©HnSIJ 1 6 *> 6 

s@ ufciy y 3 ^^i^ja-i; x-/^ 1 »*«A-r2.«teg-c 

[0030] B^rf^^4ffllJ3^*^^ l 5 a . 1 5 b 
■e©±ffi3&ifrtBliPaR l e W{C|Sl*^->-CW±*l»3 
J:^fcf^ffJ3^tt«l 3ffi*>e.5^ttLT?gR!c3*T.. mrfBSir 
WI^^^Jl'^S'^l 3 a. 13 b-. 14 a. 14b" (i. 

^<D±m*imu.mii^^-f\^tf 1 3 a . 1 3 b • -©iffi 

[003 1 ] C©J: 5 «:luffliJRO*gLfirJ©S3^}#*-'l'4^ 1 
3a. 14a, 15 a. 13b. 14b. 15b±K:. 

•5-n-ensji L/ ft:-^ y n^^^S"? X 1 gp^rS^T 

5J:'5K:i/rt,»-&fc«). S'>x->'Nigf©gTB©'>'; 
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[0 0 3 2] ±^©c<b<. &^m^-)i'^(>cmabftu 

[0 0 3 3] "Ttttofe. S'J^x-^MafflDSTaot/U 

nv^i^s-:? 3: 1 (o^f)i^mi^tift\Rn^ L < « u 

2 n S ^ V n >#|ga wM X -/NtBa*«SW 
*/cSS^SOiffid<- h 1 0<D3t^!f>^l/d<^<DJ5^1 7«4 

[0 0 3 4] S3. mAi^^rcomMttcjz^^mtimyj 

1 af**TtC«8af h 2 0 :§r«^/t 

— Wr^Jp. l»5MI#-h2 0{iRjS^;&^6^j:0. Wja 
ffiCc^^P^pg-C y > ^t*CD33^;^Jl/a^2 1 . 2 2. 23 

mm ufczy y 3 X -^>rN 1 ap^ttB o/ct&^R 
(s^r) c:iRfS(*rttcifAr-s/c2!?)o§gnsi52 4 30 

ttffia<OV>;^/tt<D3^fiF^^J^^2 1. 22. 2 3±fC^ 

[0 035] iS/c. WLmL(0^^^)V^2 3 tC63:;K- h 
2 0 0±ffiraP»i»A» 2 5 ^ftffl or * 1 S 
^ffAttST^o ?^c*J. ±ffijai5S4<-h2 0tc4c5l^-C 

mr^i)\ *&l^»8aiBR«fcL<«y>i^0±tC2xy 40 
[003 6] a 5 ^c^-r CC?:)^59tc J: ^J^i2iffifr^Jc<^ 

rar«^a3}<- h 3 o(^. iif5<z)ffii>Rfgftcc»j<-^ h 

h3 jJ^- h ^ h 3 \ \iL\t^mm 

CC y > ^ttcD3^^;f> Jl/ ^32 ^^gffiS L . nj^MQ- 

:??smK:Sii::;?[^<D#A» 3 3 or A «9 . B^^© 
is»ft^sjiL/c^' y n>#«sa-5 X 1 apj&i^L 
fcxhm: imm^r) cl. h ji:^ h 3 1 o±®re 

□gei»A«3 3«r«efl3LrJ*A*6^pJt6fC«^LrA 50 
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CC[)Vy3i>#$gS.i;a:-/Niaf^iRjm*^Ly^^C 

<i:->r. 03. a4®i^l|!}^-h2 0<!:|g«K:ffia© 
^>yr3>m*£H^^x--/M^^iRM«^Lr. S^CCA 

[0 03 7] S5cr>fS«!lS?i^-* h 3 0 iCfcC^r 
?r^Jl.d^3 2«:R«r?gfi£LrfcJ:<. ^^CcS^ms^^U 

^--cDicci^ia^osnj^ctta. mtis ic. -t-^ 
®03rc5>y3>«feS'i^x-^Maf^Sji8T^*\ *5 

tiC3:fr^RS«> U < (J y > iJ^OiCCi^ y rj ^^b^*:? x 
[0 0 3 8 ] JdiiL/iiS^iJraTjt'- h 1 0. 2 0, 3 0 

}H^-^t^^&^u^WMr^c^hr^^^. CCD© 

MSBfC J: 0 '^i^^}\^^±K«S.r^iy y :3 >#feS«> * 

ntscgi^ptcot^ y a >^B^^ X 1 (D9^mmm^f)^ 

[0 039] camBM{t. i5£*©DZeJi5^J» 
[0040] S£*CD5/' y n X -/><Di^tt:&a». @ 

BAtc^f c:<b<. r-A4 0cceK?i:7'w- h4 1^^ 

t:fytK«S^Kn3j<^:^ |l|BCC7FTc:t< , r--A4 
OCclgg::?'^- h 4 2 ^rSt^f/cf < t,i±tf:&SCC!:)liTti 

[0 04 1 ] ^cr\ mm^commi^o^-^^^-m^ 
^nr^mmi^Lx. mi ^c^rmfs.0m. auc^-r 

MO. -r^JT^D^. 3,«^JtffjJ<- htC^(t-r-5 

X. -*f©/hRai«C3:^raK:'i;x-y>i^7K^{cSH 
jRtt pJtfefC U/cr&:a 43tcr-A40 ^SCt . —^(Dfl^ 

C<D?&*4 3±^SS:fe(D^x->r>;SraJiL.-C>!^e> (H 
7A#M) . «yiaS^K-^K:^aft^«jlL/c':7x-^.^^ 
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[0 042] ^xtc. mmk(ommi^^:^-^^^~mc^ 

1 ^TTk^tcSBiRffiDlfigic U/c*fe:a4 5 {cr- A 4 0 ^ 
iaCt/c«^*»6^^o CCD?&:i:4 3±^CS|^R(D^x-' 
jL^j^mtLxmi-t^ctufix^^^ asccc 

^-r J: ^ ^9c(o-)(t<D/mm^mm(^»^xA^m<D^ 

J#tt*2*lffl. -*t«:^t:f/c?feS4 6^fflC^rc««<L 

ra-r-^^^jj^'- h 5 oti. mi liCffk-rmMmyr^- h i 

0<b|5)««^O3*:©B?g^*±«l 3. 14, 1 

^>^tc. ±J6cDBu(IiJao^gWJ©S^j^JVa^ 1 3 a. 1 
4a. 15a. 13b, 14b. 15b. 13c. 14 

c. 15c ±tfC0^miL^mmLtc^:i^-^^m^nm 

m^\t. '^n^^)v^±:xm^ti^^cxmm^ 
m 5K:«tt-r-&<h. iasm^\mmmmmc^:c'- 

[0 04 4] -ec-c. ai otc^T<:i<. mtf. s 

6^cSJ^S>J<- h 5.0<D<^4J&ffiffl(|(3[)fiffliJ3tt±« 1 5 
^c^«>^^^J:^^^••:^:7T-«5 1 ^iSg-r-SCi^Ccfc 

[0 04 5] c<D^?gcc*5i^T. ^^mimmi^fc^ 
-^>^m^^m&^^-Y(icm^'^^±xWMrhty ca>« 

WftSiurtt. *¥<f:t)4 5' »^(><«0. 
5-5- Sgf^O^m^o 0. 5- ]^A}iV;^tx\tmm^. 

i^h(owr^mALr^cttmmv^:h. ^tc 4 5- 

-5. 

[0 04 6] C(DS?8CCfct>T. j»teffiJ&S6rv«jn> 
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[0047] msm^(oo :s,-^^mmmm<omjAKwp 

rj:\.m^ifi0^U< . 0. 1 um5():»6 2 0 /limgJKi^ 

:d52 0Mm^M^^<!:. fiDXn::^:?!)^:^^ < . MM^gCD 

»0. 1 MmAi^2 0 amgSi-r-So ^^tC»^l/< 

1 mn^^p^ 5 MniS@t"T?^^B 

[0 04 8] c(o^my5m:si^:^-^^m±^mm 

(Ar. H,ij7.m) XCOmdmitt. '^:x-/>^®JiJC 

iSSO/cSi^^bmj&^g 5 o'c- 1 0 0 oxossHrx 

(#11) ^nr. KSt- -5) x 5. ^ :t $ tl/c -i? 

mtmmm^wmr. mKo,/Ar*fc(io,/N 

[0 04 9] *:^-^r^w=f>:^;^^fflST-cA-:> 

(D^ :^-^^^itKttC 1 OftgSS^^t>'^-C:te< Cite 

30 silT>2>^s^<0'^>x--/^tc. mjLmxmim:^^ 

[0 05 0] ccz)^Hjtc4si^r. miKmmm(Dzm) 
^mf&^'^^yfcit^cDH^ oi^i^i&i^ma:. 1 1 0 0 -c 
r cD^fflsr 5 0 0 -c-- 9 0 0 "ccovmx 1 0 

r I Gtfe^{^^r^^„ ^;rc. 5 0 or-g 0 o-ccoffi 

fflCO^Set^rO. 5°C/m i n--5rym i n tL/T 
^-r^iBMD^J^fig^-a-r I G«g^>W^T*-S« 
40 6 0 0-8 0 0-C^r3 0^Ja± 

mfflfeirtojgytaSv * -51^*6 0 0--8 0 o'cohh 

O^SiSS*2-3''C/m i n t iyXm^-r^CtX^ 

So 

[0 05 1 ] ji^cD^mi. mi&^x&^i>K ^mmb 
» 1 1 0 0 'm±^mmfmLfc'^<D&uj&mx. s o 
0 -c-^g 0 0 "commx i o^«±4 ^wJUrto^eMS 

T?^ -5 C <b . Ial«tc 5 0 0 '0^9 0 0 'C©ffiHCr>|^aii 

S€:0. 5°C/m i n-B'C/m i n <hUr|^TS<b 
50 BMD^BfSL^itX I GSfe^W-^'C^'SC <b 
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[0 0 5 2] co^?g«:J:^«ii • wm^<om^mx. 

1 2 5 0 -Cfeii. 1 2 8 0 -C- 1 3 8 0 'CrS 
rtSS<DCOP©7ci3tc^G r o wn- i nXfiB€riS?S* 

J: ^ 1 2 8 0 "C-c 2 Bjpao^ar C O P tt^ti 
(cm«L/. «F{c 1 2 8 0 -ex 4 ^raafewc 1 3 0 0 -ex 

2 KF^CD^fKDin < . 1 3 0 0 -Cfi^<DiSfi«J$cr>?^ja 

S«:*$c^TCOP»^±?gauri^aci^MliSL/Co 

1#{CSf*Ll^^m*. 1 3 00-^1 3 50-0^2 ---3^ 

[005 3] C(D^?§^J:^Sjl ' mS^^^OSateiltc^j 
l^r. ±fB<D'!?;«:->'N<D*a©COP^?B2SS#^/t8t> 
<DSftA!M^cp^LT. Mj^OMi^pe^i^ (DZH) ^JgeS 

1 2 5 0 'ci^±--cD^MB* $ /cjii^Mjafirttffl'r 

-SliJ^^ D Z - I GSfe^A«iL:fcii5«"a®CD-> 13 
[0054] 

[^ffiw] 

GZi56tCi:0W^3n/cfigl2O Omm. K«ffiSl 3 
--ISxiO^'atoms/cmMold AST 
M] <D^'Vn>-Y>:3' v h?rASJniXL/. -eo^:^^^ 

10tt(D*^U3>milSS':?x--yN4:-SiUr3 0 
gf^WK?c8l:5|SlCcSa*r-5C ttcj: DSiS«d»%3 0 
OtJtibiTco 

[0 055] CCD^S^'- KZ>Rgl«ecDfa53fflJ^^O 

SAias«7 0 0-ciL. 1 00 o-cir*8-c/^. 

1 3 0 0 -C^r* 1 "C/^^CDSSrSa^ii. 13 0 0 

•cr 2 B$ffl«^ 1 0 0 0 "c^ 1 'c/^. 7 
0 0 -cis r * 2 . 5 •c/^j'-c^a s #rJSii»ffijJ^- f * 

jMiffl^51-(cg5^0tiiU;co iFrt«^HSi», 2 0%O,- 
8 0%N,SHar*-o/c. 

[0 05 6] C<Dcl:^«CL/'Cr^a*53ltf $ti/ci^V3 

XiBh^^^^:7 (XRT) CC<J:»}fii22L/co CCDX 
R T frc J: 0 Sta^t>-^:fi: 1 0 ttOt^'J =1 ^j^lfeS':? * - 
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n^to STJi^0 2tS(gttP4(7>aii$n/t->un>#i|[S 

[0 057];;ctC. C^D»^:l:->'^*HF*:;^?gr^S 

H^Try-~h^k)^0^ {Jl-5^2 5nm) ^ 

Smm'CDMOS C a P «3ir^>'^'>r ;^^f^^L/c. C 
OMOS Ca p«Jg7">'^W:^*5^'m3nyfc:^^y 
^S'!; X -^NCC*tLrffi{bJ®Stff!^<D»fiiiKii*tf 
J^cCfc. if«fem3:mS1s?»S8MV/cm«JiCD^ 

[0 05 8] */c. ±ffi<J:|o|DK3^ («!7xWN) ^ffli^ 
1150-C. 1 25 0'C. 1 30 0'C. 1 3 50''C&^ 

C a p «igf">' W X C/Co 

[0059] itria^ffi^ic^dit ^pffliKs^^ 2 cc^ 

To j»jaS€:S6l/-Cl^^3:t^S84»6 0%©ftD°D^. 1 1 
5 0 'Zm^moW^\% 7 0 %CDmn"n^. 1 2 0 0 "Ctti 

[0 06 0] ||*6«W2 

HS&CTl <bRfil^c51-S8^>^CDVyr3>#i(gS'^'x-- 

>'N^i 0tS(aJiL.rjam3l<- h^ctggur, 100 0 

*C5&i6 1 2 8 0 •C^rCDSSiiS 1 •C/m in, 128 

30 0 -Cr 2 B$Pa«m^. 1 0 0 0 "C^rCDI^a^ 1 'C/ 

S'^;x-/^k:«^Z)»!S^gSl 5 X 1 0*' a t cms/ 
cc(old ASTM) Vfc. 

[0 06 1 ] msimt^. $>^ir>(D^:c-j^m±^. ffi 
(D'^x'-y>af(D4«cai8«tB*s I Msw:J:0':?zc- 
af<D±;:?:>6 4«Cgs :RO'8«(@<D'i?:i:->'NCC*jt:^S@^ 

[0062] stfc6!>'^:c-7>:&ajiL.rfaiaffi;i<- btc 

[0063] ^*&*^3 

K«iSai4'-15. 5x 1 0"'a t oms/cm 
Mold ASTM) CD^I-SS >r>^<D:KP> K-:?' 
50 L/c'^:.:-^^*l 0t5fr-^S*3i-C. 1 <J:I^«(D^ 
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[0 0 6 4 ] a 1 3 Aic^-^t- h^^^->6i. 700 
'C^TSSii^S O'C/m i n#SL. TOQ-CCSO 
^^tmifCmUmm. 1 0 -C/m i nT 1 0 0 0 "C^r# 
at. 2 8 0'C3sr^ajiSl"C/mi n-C^ 

fib. 1 2 8 O'CrZ^fflfiat^. 1 000"C^-CPffi 

m i n r 7 0 0 -C* "C^aT eJ^ffia^T^T o 10 
[0 0 6 5 ] S 1 3 BCC^-rt- h>'^"^->6J. ^fi:?>^ 
eSSiiS 1 0 'C/m i nT* 1 0 0 0 "C^T'^L. $ 
^(Cl 2 80-C*r»aiifl[KC/mi n-C^U. 1 
2 8 0 •C-C2 ^P^^^. 1 0 0 0 -C^rF^SilS 1 
/m i n "CKSbv 3 6tC^aiia2 . 5 'C/m i n 

7 0 o-c*rKaT-5S»«i®^&^'rc 

[0 06 6] 2 MCOlSfiiaf^. <i;^6 1 0 0 0 'Cx 1 
[0 06 7] Tfe^aacci: -2) a: -/>»rMa^c^x^ 

ai 3 B^c^-rt- h^N'^->rs6n3^»^;c«:-Mti i 
GjamAJW^r^fti^ifca?). ^oap o 1 y S iMitt 
fflCc -2) E G^m*«^ 3 -^T t> J: I * o 30 
[0 0 6 8] ^j66M4 

1 t Rl«tcx 5; ^ > if^c^9\m 8 ^ > ^Oi^ V 
>#feSO:^->'>^ 1 OfeTo^BLTl^aiffld^^- htc 
1Sa®*KBL-C. 1 2 8 0-Cx mM<DS»A!!«*]te-r 
CClSL/r. !Sffl^^TJU:^>:^X#Bim. 1 0 0%d r 
yO,#fflM. 1 0 0%N.#HmRO'3%O,/N.#H 

[0069] T;l'rf>;<7>^#HaT'r«»t7 ^ ->^^^m 40 

[0 0 7 0] ^mmb 

CZffiK:j:9*J?£3n/tK#iggl 2. 5-15X10 
atoms/cm' [old ASTM] <D>";n> 
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tCcfc DS«£t5^^3 0 Oftib/to 
[007 1 ] CCO^S«ia#- fORfSt«©J»«tffi^^O 

iaAiaa«7 0 o*c<bb. looo'c^-c^s'c/^. 

1 2 8 O'CSr KC/5W)3lK"C^3-lJ:. 1 2 8 0 'C 

r 2 ^a«t$L^(^>s 1 0 0 0 -c^-c* 1 -c/^-cp^a 
s-t*, se»cc7 oo-c*r2. 5"c/^rKM2-i±r. 

5%0,-9 5%Ar:^HMr*-:»/Co 
[0 07 2] ±55©^»A!ra^i60/c1f>:/J^•:7xw^^ 
HiM^^^ffil^. 6 0 0'CX4^ra^/c«7 0 0-CX4^ 

raowtus^ftia^^ssu/d*. i o o o -ex 1 6 ^pa© 

[0073]ai4. mi 5tC:feC>T. iiOSHK^SK 1 
2. 5--1 3X 1 0*'a t oms/cm'CDffiK^igg 
'^7iWA^rAi5^Jl/'-:/. »3»!KIRiSff 1 3. 5'-14X 
1 O^^a t om s/cm'<D'tt^^a^^:t-^>^Bd^ 
)\^-y\ ?DiilK^e[14. S-'lSxiO^'atom 

m • mm^o:>fmM^(oi>(o^oB[}. vrmmfmifiB o 

0-CX4^Pa<D*>tD^AEn. Wai^S/>^7 0 0-CX4 
^ra^fe^JgrDEP^^T, ^1 StC^fCTi <. l^m 
(O'^^y^jU'^:^ D Z 3 0// mfet±#eEl>r 4t$ 

0. ai 4K:^-rcr<!: < , >'<;v^c|itctJ»]»g^7g]g<t 

^MffiaS<i:<Dffl^-l±-e 1 X 1 0' c m'et±^DBMD 
[0 0 7 4] ^fc. {£^iSecDif>:/;i/'5:c->'NT 

7 0 0 vm9m<i: 0 6 0 0 -cjsisaao^*^*? m^Bjs 

^:r.-7^(ovmmmiSkmcik^r^:^K soo-c-go 
0 'ccDmrnxmrn^mtmrn-c^ 
[0 07 5] mmme 

CZatcJ:OW^Sn/c^^gl 2. 5-15x10 
atoms/cm' [old ASTM] <Dt^yn> 

1 0liOt^';::i>*MS^x->'N^ 

-ap ^ br 3 0 gP%JB^^«E:frr&i«:ms*r ^ c ^ cc J: o 

S*g«1S*3 0 0«(<bb/c. 

[0076] ccr)Mffl:a?j<- v(n>vm^(omim!^^<o 

t9:Aafi»7 0 0*C<5:L. 1 0 0 O'C^-C* 1 0 "C/ 
1 2 8 0 "CSn "C/^OSffi-CPM^Hf, 1 2 8 

0 •cr2B$Hffii#b-e<D^ 1 0 0 0 "c If -c^ 1 -c/^. 
7 0 o-c$'C2 . 5 ^c/i^oymsrcnui-^xmrn^^ 
-v^^^m^9^^WL^^i^tc. ^p^mmmt. 5%o 

^ - 9 5%N,#fflm-C*>-^;rc, 
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[0 017] mmm. s■fa:-/^^ffi^cw^*s^^Jl 
0 ummmommmsimiy. RCAjft?t©sc- ijjt 

i**ll«5iILfca©eS0. 1 2 umfeLh©LPD (L 
ight point d e f f e c t ) iiJ^^U-- If 
-a«l« (•r>3-;US!{-l*--7:?; + i'>6 2 0 Ojseffl) 
(crff-^/c. ^/c. — SPO-^x-^NJCSSfb-CLPDCDA 

[007 8] SC- liSt^^rSIOilL/fcJ^OLPDa^ 
6{C^-r*s. 2. 5X10" 

a t om s/cm'©<l^^igg'!;a:-<'N*JOEn. t7J»§ 
KJRifie[13. 5x 1 0" a t oms/'cni'©tfJK* 
^fiK'!^*-^^*lAE^. MBBBRtSfil 4. 5xio"a 
t 0 m s / c ©Sf^jgS-? i -/n^sDEII-C*) D . 

[0 0 7 93 C©^|g{CJ;^►f^S=&^fiS^£t»■5x-''^ 
g6i^l3ll»l@-Cfc'?*-.'\MF»3K:3 0 0{^iK©L 
PD*i?¥fi. ai»3igl/SC- liftMl^t?:*3S«:LPDa© 
itftlA55ta!$*i/c„ <bc:5*sc©S?g{CctSf8ygia«:«l 

SIO ilL/ S C - 1 i5fe?1^g-C L P D©ietniSc*id>^£C^ C 

[0 0 8 0] C©LPD©iE^*fiS?a-r-5fc»KAFM 
tcJ:f3J^glSI=ir?Toft:*3, C©Sqa{CJ;4f^ffi^Sfe 

[008 1 ] mmmi 

m&9ieicisi,^t:, i 2 s o *c-? 2 ^iBi©^ji[ys« i 2 

8 0 'Cx 4^SMaf5c 1 3 0 0 'Cx 2 ^P^W^tC^M 

m<D\,^-rn<Dmm£icisi,^x he op a^±mmLx\.^ 
sdiittsio/c. st-or. c<Dmii'C^i>mm • stm 
^<ommicis(,>x . 1 2 8 0 -cr 2 Wdi«±©iSfflfii 

^^tf^CiCCiiJ, }^!&COP©<B«Sft»©*-5C 
[0082] 

[^?«©?Sia] c©»ia«:.i:-2,^ias:^S«. •t>x->'N 
otstsssiiiorc©— ffif^^fiior. *^{c* 
so^io.. s-B* ss. M*^(c^^s■^^■r■i>*-^^© 

r#s. 

[0 08 31 c©isis». *»©'i»»w^*gDlor^» 

S®Ofc'i>ai--'%©^T^©e;:t-;N;&iS!' 
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f±±tfaEW^€riSOrt>Ja:l,»fc©S:«l«iaT-S*». ^ 

[0084] c<D^micj:^mm:^mii. 

©»^y3>^S-<>=i"^ FJ:0'?x-Wb3nfc^r 

©■^7x--'^{c|g^^cl^— ©SStJ5fii*i6-rc<t*snjt6r* 

0. fit*©^-f>=f:7 hT:^-JU©|g«affiXgr3feD 

^mifga-^ * -/^©^^a* ij *i6j±3 c t*Jr# 

[0 08 5] c©^?gK<fc-5}sy8iffl:tra«. 1 1 

0 0 •m±i^uafmmr?>m&m'r:. m^Mm-v s o o 

•C^9 0 0-C©i5Hrm^€:?T^ii>^, ^3£©^ji 

gr^-ra. *-6c»ai i o o -cwiKjin^fis^ofc 

g©i^ajagr-Kria©^sffif$>&tf ^ *\ ^aMa-r s 

r I Gfie*##-c* Sit hicm^mm ( d z@) * 

20 }K^5-l+SC<b*f5Itgtci5:D, :^fi©•>x-.'^©^a 

[0 08 6] 3 c(ommic^^mim:m\t. m 

:*:«©■? X ---N^ISlRSFfC 1 2 8 0 'C- 1 3 8 0 

rffi}t-rsci*5Bitir, c©ife*jiaccr't»x->'>©^ 
jgafeaficj^gi5©c o p 'kmM^icmm-ct^fcisb. ^s, 

[0M©!Sm^c|jiH^] 

mi] AHc©fiBjKj:^sajiaa:^{c6efflT5f^ia 
30 mmv$>i>, 

[03] c<o^micJ:i>m!M:fjmicms-ti>miim^^ 

- h©ffi©«!fim^-riE4aijiia0r*4. 

[S4] m3icmrm!smrt<- KDmm^mmx$,?>. 

[05] C©^Ba«cJ:^,^*J^55SK^-rS^^«HSd« 

- hoffe©5^m^-rm^ajar-a,5. 

me] S£3fe©•^;x-/^©t!^3g^;■!7x-/^i^t^©D.•i^ 

t^±tf:^s;©«fi£*^r. 

[07] C©^?3K«ffl-5r«»'i/x->'N^Sgffl©asff5» h 

©^fi£*s^-r±ffiSi^0-cS) s , 

[08] ABC©l6B^K:fiM|-r 5■?x->'^i^t8ffl©D^^^ 
h©ffi©«(at*5^-rjEffiSi99S-C*»). BB*©±ffl 

attest? « 0 . c a:tk<Dmtim4:mr±.msimsvib 
a. 

[09] ABC©»|liKfleffl-rSfMffll*'- h©^tt 

•iE©-««^-rsi?30-c*o. BB-e©±fflBft?B0r* 

so 
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[013] A<!:B«S»*aa^<D-fS(*n^-rt- hAir 

->iar&s. 

a)K3giS^<DSC» i B M D i oea«S*^T ^^-7 -C 
04'. A»l7]»lK5R?ft@[l 2. 5~13xio^' 
a t oms/cm'0<^t^ifta'i7x-^\. B«1PJ)W» 

fSjgSia. 5~1 4x 1 0"a t oms/cm'Oiti 

e!^^SK':>*->'^v ctm^sM^igfti 4. 5~i5x 
5. 

[016] iS»)ilLafe^!KiLPD»i©M^*^-r 

mil] A«•?*-^^^S©COP^^^Il©AFM<feJ; 
»50*L//c«4m0-C*f3. B«A0it)M^L//cP«3g|5*i 

©««a-c*s, 

[018] fiei5©5^ >; 3 ^^MS'i' * -/^©j»^i!!ffl$SH* 
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* ©«ilBS«J!S=&^T-ai5fia»rmifiW0-C* 4. 

[i?#©iftB^] 

3 
4 

10. 20, 30. 40. 50 
1 1 T« 

1 2 ±« 
M 13.14 frfilKtt« 

13a, 14a, 15a. 13b. 14b. 15b. 1 
3 c. 14 c. 15c3?^*;l/4^ 

15 ^m$!tm 

17 -x^^-)\'^<om^ 
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